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RECENT ACHIEVEMENTS IN METEORITICH 
“URE R@ 
[following fe the tranalation ef an article 
by Agadentelen ¥.@. Fesenkev in Meteoritike 


_ Oleteoritiea), Vol XVIII, Woscow, 1986, pager 
Bort «| 


Muah attention ig presentiy. being deveted to the doe 


termination ef the isgotepe content in various elements found 
nx ueteorites, including thous isotopes. whieh are the prom: 
 FUSts of xvadiesetive decay. 


Knowledge of the isotope ‘eontent is tied in Gareetiy 
with the possibility or determining the age of iveon and 
stones meteorites, A detatled agceunt of the ite! of 


attempts to determine the agze af noteorites by Fa §Loactive. 
metheds wll be found im the article by Geisa published in 


LOS5S7 (3); these interested in the sub seat HEE advised to 


Joek up that source, 


Let ue take s. few words te veming the readev of the 
orus ¢f the problem, Ag is lenewn, the uray tumeLoend mathe 


gived fulkiy relLishie«e Values for the age of meteorites rere 


&.% hbitdies veara). Toe wobs aiumestrontium me th od y end in &: 
munher Of cares the argon teehnigue -rieles conplet oly anne 


egous resulte,. It nay be guid that the "radioective™ ave 
represents the-#ime elapged during the sone of hardening et | 


the meteoric Guba tenes, whieh Rey have tekon plece within 


g0ne Gensiderahie- greater rane WRORGER the meteoria gata by 


tance war not gubjeet to the aetion et cospie ERGR « A 

The siwplec mathe? af Hoteg el he age determination by 
means ef gageoue helivsa gentent meagurement enployed for e. 
nunher of yeare by Panet snd his assceiates cannot be ex~_ 


peoted to give reliable resulta not only due to the poegsi- | 
bility = helium kgakagu inte Pace, but tainly becauge part 
of the heitum in metesvites arises throveh the action of 


1. 


cosmic rays and is therefore of non~vadiogenic origin, Thus, 
much of the helium found in meteorites which have been in 
interplanetary snace for extended periods is not character~« 
istic of radioactive decay, since part of it is formed in 
meteorites due to the direct interaction of cosmic raves with 
iron and other atomic nuclei, He? is formed in such a reac~ 
tion, but the main produet is H3, which subsequently becones 
the save Hed isetope, it is perfectly obvious that knowing 
the tritium and He3 isotope content in a given meteorite 
sample and the number of tritium disintegrations per unit 
mass per unit time, it is possible to determine the length 
of time it would require for the observed amount of heliun 
isotope to accumulate, In performing these Calculations, it 
is necessary to assume that the meteorite had been subjected 
to a definite, for exampie (and most simply) a constant, 
ranze of cosmic ray irradiation, 

fhe use of this method by Behemann, Geiss, and Hess 
(2) on two neteorite Samples which had fallen in Norton 
County on 18 February 1948 showed that the corresponding 
period of time had to be 420 and 480 million years, if the 
entire anount of He? could be considered as having arisen 
Out of the tritium transformation process, Actually, a quan- 
tity of He3 4s formed directly as a result ef cosmic ray 
irradiation, Taking this into account, a somewhat smatier 
value, namely 240 and 280 million years, is obtained for 
tne tritium transformation, 260 million years on the aver« 
age, It is necessary to note that under the direct action 
of cosmic rays not only tritium nuclei, but also helium Ie? 
and He® nuclei are forned. The radioactive decay process, 
furthermore, produces only He4 ~=partiecles. Knowing theo-= 
retically the ratio le? /tte4 characteristic for cosmic rays, 
it is possible from the observed anount of He#, which was 
formerly wholly ascribed to radioactive decay, to find 
the portion actually produced in the disinterration of 
uranium and thorium nuclei, Thus it is possible to intro~« 
duce corrections into the former weteoric age estimates sob« 
tained by Panet, and also, separating the radiogenic and 
cosmogenic components, to determine the duration of the 
cosmic ray irradiation of meteorites, | 

In his article entitled "The Origin and Age of Meteor~ 
ites", Singer (3), taking the ratio of cosmogenic He? and 
tet to be 0.5 for six meteorites investigated, determined 
that the duration of cosmic irradiation of the meteorites 
totalled 300 million years -~ a figure which differs little 


2 


from that obtained by the Andieated method for the Norton 
County meteorite, — 

The détermination ef content: fox various qeatcnes’ 
affords a means net: only of eatinating the duration of gush 
tyaadiati on” age, but ales of obtaining an indleation of the 
intensity conmtaney oe, eopuie rey irradiation fer the time 

> the motemrites t kigtence a@ individual bedies traveli- 
ing im interplenstaxy space. 

Various elements are formed in che. iecanidi ton of 

Fron nucied by cosmic rays; these are mostly. unstable, how- 
avers tritium -- @ radicactive hydrogen isotepe with a hal 
igkg of 12 yeare becoming helium igotope Be, c725 ena Bt ge. 
imotope Ay@©. with the firet passing into the secend with | 
oe — Pe. a ae Sara sete age anc with a biger aes aan 


pi ena a: in “neteorites, ee to determine the inte noo 
alte of coomie reva in the past, af well as of neteorie RES 
en the beanie of various radi Geckive isetepe ceontente were 
wade By Mavtin, Fireman, Sehwarger, et al. (5%, Apparently, 
the imtenetty of cosmic vadiation in the past. may be con 
Siderod mace ox lese sonstent, It ie interesting to note 
that in individus3 iustanenun, Yadiation ages of about a 
biliien years and over are obtained (the Nerfotk Meteorite 
ww §.9 biliien, and the Parg de Minoa Meteorite wi on oot Bii> 
Lion yeare} (6). 


| Gentrad Ly epeak Jue, thie radiation age differs shabpe:.i : 


ly trea that obtained with the eid of previous technigues 
| Clead=urand ig, eee argoa), and has « totally 
@itterent aignificanae, It eavicently YOegreaseanrtia not bhae | 
heneth of tine Ghaneod cinece the har Fdeni upg of the REteorica 
. @ubstance, but rather the time that thease ehjects have ex« 
deted ag independent anemic beclea ¢f small dinensiena eub< 
ject te coumia Bag ivradiation. The: aa however, is ex: 
treneiy complex, : | a } | 
2. WORE Andigatas » eb ERE es dees, ae Farin oy ‘eegues 
gente Be® and Bet to be GNP TOREMRLER Y G,8. Thigeg vatta is | 
HOt eonetant, hewevery wel euat vary wath time and the posiu 
tien of the substance beane atudied within the meteorite 
4f the latter had keen of guffieient masa, The change in 
Cine im out oc by the coustant aecay of tritium, although 


3 


ita kew content cannot serieusly affeet the resulta, The 
change with pegitieonwithin the neteorite ariees from the 
fnet that ite dutexr Layera ghield the inner maas from the 
tupingenent of primary coamie as hate Aotuadly, baek in 1050, 
‘ge Couter ghewad that the Hed/Het ratie likewlee ftalis of* 
With degreaging exettats ton potentials. Congseduentliy, aweld 
Meteor ita woeukd be etpected te ¢ontein a puch greeter ra~ 
Letive Hes eontent: ascerding to Martian (8), however, the 
oy 1g 3 fhe ratio in la#tre meteorites must be euftiecilently con- 
stant and @eanal te about G,49 and net 6.5 ae Singer eupposed, 

Theg, in orger to render more precise the technique 
ot determd ad ng the raedietion.age of meteorites, it woukd 
be nighls expedient to obtain the content of various ieo- 
topes in pleces of vary large meteorites, provided it is 
yuo tek ae hee egtablish the position ef thege fragmenta with 
24 the ini@dial body of the meteorite, The enormous Sikhote- 
Ahineeiy meteorite, Whose initial mase was ne Lesa than a 
(hougand tena, could well eerve thie purposes. Although the 
ne kanevite wan fragmented gshertly before reaching the CPOUNE 
tha eavretulh study of the merpholeri cal properties cf the 

lgogmnente undertaken by ¥e,L. Krinevy €@} dees afford Hone 
notion of their position in the: @viginal mase, 

EhO paper of A.B, Vinogradov, I,K, Zaderocghnyy, and 
het, Florvengkiy €16) liete the content of helium and tip 
jmatepes 4n three tragmentea of metesrites according te 11 
temples taken at various depthe from the eurfaee of the ini-= 
tik? mass, In the authora ¢ egtinate, the greatest depth Lay 
ui digtanes ef 100-3180 em (eentimetera) from the surface, 
Heth the tote] helium centent and the He3/Het ratio were 
determingd, These data were uged by A.A. VYawneh* (11) for 
agceartaininuge the ratio ef Het ta the cormocenio helium nm * 
content, which for the deeper pertions ef the neteorite 
turned ont to be 0,24 —— # gamewhat sualler figure than the. 
Lower Limit oF 0,45 obtained for this ratio by Reasbeck (12). 
Knowing thia xvatio whieh 4a found te be sufficiently ecnatant 
fer the deep pertiona, where 4t ig determined by the esetion 
ef sesondavy conmic raya, it is easy te derive the amount 
ef purely rediegenie He® helium (from the tetal centent of 
helium and ite ieotepes). In the case ef the Bikhote-ALin«~ 
ekiy meteorite, the radiogente Het content was found to be 
OG, 20 #. 24 ~¢ gentinetere?/gram, according to the game data, 
ig geen es the uvanium-eontent in thie mateorite ie deter 
Mined, 4 will he possibie to ealculate ite awe gince the 
Ging OF its hardening or the final moment of heating auch 


& 


that. helium escape could have taken sade: bs 3s 

The determination (OF the uranium content represents 
& very difficult probilew due to the faet thet it 1@ preset. 
in vary insignificant aMOUnts » . Ebert, Koenie, and Weert. ie 

acvibe a new technique for obtaining such a doternination 
by neaguring the eontent oF xet 2 preduced in yess CBO BY g | 
The method was applied to three meteorites -= Pultugk, Breit= 
Bhela, and Acaba =~ and Gave resulta in as Saal with thos x 
obtained in other WAYS « 

FF, Hernwogeer and Waenke (13) supiovsa another net hed 
of determining the uranium content it: three chondrites heats 
ba, Bedgélert, ite Breitecheid), by finding the sentent of — 
bari urn Sibel im the neutron drvadiation of gs | Thig 
barium isoteps, Balad | ia quickly transformed inte activa 
Lanthanum La*99, and then even more quickly = ints stable 
cerium Ce te, if it is supposed that the concentration et 
thorium is thrice that of uranium, the are aft the first two 
metesyviter by the helium method is found toe be 3 @ and 3,4 
billion. years. Py ha? 

BE, Gerling and L, Ke Levakiy (243 — eoce eoncern= 
ed with the inert gas eentent in atone neteoritos and the 
problem of the origin ai these Gaees., They measured the rate 
of neon Ne@O,21, 22 and argon Ar36s ‘35 isotope accumulation - 
in gtone moEteorites irradiated by o commic aye in BUaae, The 
indiagated accumulation vate. turned out is bo about the sane 
for meteorites of widely differing agé, From thie it ig possai- 
ble to draw the Very interesting ecenclusion that the inten=« 
gity of coumie rays hag remained constant over several bil~= 
Lion yeara, This, furthermore, provides a measure of guest : 
fication for the» mathod of determining the redi ation BAM a Ase 
meteorites by their helium LEOteps . ke? content, | Brock” 

According te the data of the same authors, the Stareye. 
Pos" yauove Meteorite (achondri te-ehladnite) hes #8 curious 
peculiarity: Lt containg ary unusually high proportion of 
helium, This fact was first establigned by V.V. Cherdyntsey 
and Later: confirmed by E.K. Gerling, whe also pointed out 
the. Presence of ary on and meon in the meteosrita in amounts 
exeeeding those appropriate for its age, Thig gives rise to 
an interesting problem as to the origin of these gases and 
whether this might Oot hinder the formulation af the: gonera.: 
problem of meteorite age detarnination by the helium method, 

It may thue be assumed that the age of the meteoritic 
substances proper, Lea» the long eth o? time elapaed from the = — 
Rnonent of hardening 3a wholly distinet from the radiation age 


during which the meteorites are subjected to the action of 
cosmic rays. As far aS can be ascertained, this radiation 
age is differcnt for various meteorites, while the tine 
elapsed since the hardening of their substance is the same 
and, incidentally, differs Little from the age of the solar 
Sys ten, 

Thus, modern dato on the age of meteorites testifies 
ever more definitely in favor of the hypothesis that the 
meteoritic substance must have been formed within suffici~ 
ently large asterdids during the first epoch of existence 
of the solar system, Subsequently, the asteroids underwent 
fragmentation, avparently as a result of nutual collisions . 

Examining the establishment of a state of equilib: «in 
between the metallic and silicate phases within a typical 
parent body in whieh meteoritic substance had been fcrned, 
ane also basing his view on several other considerations 
(for example, the known facet of the transformation of gra 
phite into diamond at high temperatures and pressures), 
Lovering (15) came to the conelusion that this parent body 
was in all probability the sige of our Moon, In the epoch 
during which the crust of this body began to crystallize, 
andwhile the metallic core was still: in a molten state, its 
temperature may have been approximately 20069 at a pressure 
of 104-109 atmospheres, Furthernore, before the fragmenta~« 
tion of the body could have taken place, its core must have 
cooled down to 700°, Such suppositions are in many ways 
dubious, but they do reflect a perfectly legitimate desire 
to obtain an indication of final consequences of a cogsmogonic 
Character on the basis of new facts established by modern . 
meteoritics, In the future, more reliable hypotheses on the | 
disintegration of asteroidal bodies resulting in the creation 
of meteorites will require more precise methods of deter« 
mining radiation age, the duratien of cosmic Yay irradiation, 
Such a disintegration must have taken place largely in the 
region of the asteroidal belt, The newly-formed meteoritic 
bodies must have finally begun to move along orbits inter~ 
secting that of the earth, for only in this way is their col- 
dision with our planet possible, It is natural to assume ¢ “1+ 
the beginning of asteroidal disintegration took place in we 
earliest epoch of existence of the solar system, If this is 
the case, then the question arises as to why the radiation 
agé in most cases constitutes a commletely insignificant part 
of the age of the solar system, Opik and Singer have found 
that the radiation age of meteorites is the product of two 


funetions: the tinexdepeanaent: iprotabiniey ‘of disintegration 
9 a maximum in the. early epoch of the existence of the — 

hae system, and the exponential eweeD facter with & wean 
euries of 16C*200 aillion yearea (16). 

From @eaxk¢ukationa of the probability ef neteoritie 

epliieionsn with the. earth, 4% follow: that the meteorites 
Er neweat. y being ohsevved are the resulta of ‘the final trage 
COE tatlornm which had teken plage only several hundred million 


i | hefere, Thig proebiecn ig a very diffieult one fron the 


thueretiock’ stendpolat and required additional experimental 

daim, It ta clkese at any rate, that. the formation ef netoor- 

ites le acconpanted by the preduction of great quantities 

of Line dust whieh novyes out inte interplanetary gpece and 

eae aotties ea the Sun an 2 reeult of radiation pressure 
hs nota], (Note: the Poynting=Robertaen effect] Duet par= 


aie low of sufficiently small eige (on the order of e tenth 


cot me tad Lown) are awept aut ef the solar system by photonic — 
yeriacure, A mw vesult of all thie, the solar Systeu, Largeay 
ig tha wkene of the ecliptic, ia filled with ‘tine wueteoritia 


fiat edad whigh diffuses solar. Yayu and appgers te the terres”: 


teaii obeerver te have the form of « diffuce Limimegecence, 


kaewn by the mane of modiasal Light. This ae Seatirned | i a 
‘thi: Fast that uging the known distribution of satergida 


weeowed ing te their erbitel dealinationus 4t ie possibie with 
a fale emount of precision te reproduce the observed ino« 


metele pkots ot 2oaiacal Light inteneitys, in addition to 


thie, wi ef the other properties ef godises). light wm Atg 


eppavent brightness, dégree of yolarigation, and color «<- 
gan alec he @Xplained by the supposition regarding ite ori- 
gin im agteroidal dust (3.7). On the premise that. the dust 
‘parpensibie for the gediace? Light phenomenon nere ly diffuses 
Bekar rags, but does not absorb then, . it 4m poresibie ta de- 
ternine the density ef this interstellar apace dugt, for ex= 


ample in the area from the earth te the Sun, Here will evie 


‘dently be the lewar Limit of the astual density, and turns | 
out to heave the sufficiently email value ef 10°*4 grams/ 
centimeters, From this it 46 peseible to determine the pro-_ 
beable value of the total masa of metesric particles colliding - 


with the earth each 24 hours, It is equal to approximately 


(30 tons ~~ & value which ig considerably smaller than that. 


aiven at tines. fer the micrometaorites (about 1000 tons of 
nicroneteorites per 24-hour poried), but agresas fairly well 
wWLth ostineated of the totak mateoric nets. precipitating on 


the earth*s Saeeer es 


Reesearah on determining ‘the amount and composition 
of the fing meteoric neater al falling On the garth has been: 
eee RA on for & Leng time ‘now, Akttenpte axe being made to bo 
termine the affects of motecric material on the opticas pro- 
seth em oF the earth's etwosphers , but they ac not geen te be 
chehiy eonvinginag, ‘Prag ye ‘fox example, F. Link (18) geeke te 
per? ‘gh the presence ‘of noteoric dust in. the atmosphere by 
seterginfme the: opti eal thickneas of the abserption layer 
duping Lemay ecligses,. The practical aspects of thie tech- 
utgue bawe yet te be eufficientiy workeé out, The besie¢ 

ALtiieauhty Liea in the large angular size of the Sun, which 
Li dwadnetes the lsyers of the earth's atmosphere for the 
tater obeorver ginultanecualy at diiferent aeEltudes « 

Che tio f fnetater €1G) attempted to determine the effect 
att Lutkerpkanetaxry paterial on the atmosphere by the ¢ gyetem~ 
wits Changes in the polarization and. Lucidity ef the atuce~ 
phere taking plaee in the MOrRLGE BAxmea afternosr hour ; the 
whasryetiona were earried eat during hig expedition to. gouth~ 
goakern Afvien. The degree of polarization always turned out 
te he gpigniticantly greater in the afterneon, His explanation 
fer thig is that the earth's atmogphere le subjected to the 


gamtion of omeoning meteoric material - (with a mexintum at shout 9 


Eo tieBea ds Lotte, the effect in the first haif ef the day ie 
greater than during the latter half. Hoffimeiater’s consider= 
atione, however, are far. fron convincing, gince the obsérv= 
ed optical properties appiy to the troposphere «~ the lower 
pertien @f the atmosphere, and not to the tonogphere, where 
the retardation of meteoric material takes plat. 

; Buddhue (40) made @ direct attempt at eollecting 
peteorie duet infiltrating the upper layers ¢f the earth ta 
gtuesnhere in individual mneteeric streame, guch as the strean. 
ef Geminides, Particles of a size on the order of ten microns 
eye seagenb Li ng iron partiezea of neteoric ovigin were deposit= 
ed en plates . These reavultea are Likewise dubioug. 

| in genered , attenpte te deterhine the direct effecte 
GE Matec ‘4¢@ aust on tropospheric precesgses Colond formation, 
etes? hennet at the present time be considered suceesaful, 

| Ysve definite are the etadies of neteeric naterial 
depocite on the gurfece of the earth er on the ocean Buvtom. 
FEF. Heeht and E, Pat ead C22) performed a chenicas analysis On 
gicvedcopie apherules found in tertiaxy deposits om the fleor 
af the Banifie Geean, AS « rule, the spheruies conpist of a 
wetealliec core encrusted by a magnetite jacket. Iron, nickel 
and cobalt were vena in the spherules, with an ch aa 


oe 


nickel ratio of LO0:15, d2e@e., & Value common tor meteorites. 
In the given ease the eCcumic origin of the examined aub-- 
Stance (apherules) i¢ cextainiy admissible, | 

at the sane tine, Villermaux (22), having performed 
a completely analogous investigation, obtained unesvected 
resulta: he found a cong@iderable content of magnetite sphex- 
ules in the ground with no nickel or cobalt whatever, and 
COMmaeIuEentav, not ef coomie Oehein. The Soli gamples ware 
taken on the earth'a surface, at a distance of 60 kilometers 
from the city of Nancy along a gtraieht idnme, and (for cen 
FO3, purpores) at a depth of several M6TOYe, ifG@,, in the 
hitherts untrammeled Layers af the Yesges, whewe indugtria? 
Wartes are abgent, Villermaux ghowed that the particles he 
found were composed of magnetite Fan04 and were of Various 
sizer, trom the very smallest up to 0,581,060 mitiineters in 
Giameter. The particles were drawn from the test sanplers by 
néeans of a magnet and pagsad through several eleves for sort» 
ing according to fineness, Their Origin ig uneertain., It is 
interesting to note that Meunter (23) back in 1878 pointed 


Gut the presence of such tagnetite particles in deep arte- 


Gian welle, If, moreover, the precipitation of ley meteor “s6- 
contaminated by various tlewental additives and orranie g.o- 
Stances ig admitted as a possibility ( see Buddbuete report — 
Om the failing af a piece of ice welghing 6.44 kilorcwems 
whieh took place on 36 August 1955 at # Pee and with a 
Giear aky (24) I, then the essnie Origin of pure macnetite 


Might not scem such a renote auppogition, although thie 


would necessitate a reappraisal of cur views ag to the na~ 
ture of meteoritie material, | | ee 
| Generally epeaking, finely frarmented WELeOriide was 
terial ie encountered in aresaa ef impact of crater-forning 
meteorites, Binee a large meteorite falling on the earth 
destroys iteeif as well, Studies of the famous AYigona Orag« 
ter continue to reveal varieus properties ef the meteorite 
eespengible for it. Hecently, new studies were undertaken 
on gail sanples taken every GOO meters about the rim of the 
crater, These soil Sanphes inelude finely fragmented par 
ticles of cexidized Leon and meteoritic materdal, The total 
Hasse of the meteorite Cabout 12609 tong) and direction of 
LtS trajectory weve calculated anew. However the data nre~ 


Sentec in Ninminger's book (25) “Arizona's Meteoritie Crater” 


published In 1@56 by the Amertean Meteorite Museum show that 
t ie GoOLiested sampler of metecritie substance are hetera~ 
EE DU y | | | | 


Ag Wininger pointe out, of 1060 email metesritie par-~ 
ticle gamples from the Barringer orater,065°06 were in all 
respecte both atructurally and compositionally similar te 
the magsive samples of the game meteorite, wolghing hundreds 
af pounds, They are therefore fragments of the same body, 
wat «@ or & g@ueh snuall semples diifer in composition == th... 
gamagite platelets are narrower, the tenite is more distinet- 
Ly in evidence, and the time required for etching ie several 
times ghorter, This seemingly would lead te the conelueion 
that theee@ particles do not have their origin in the basic 
Muse, It La true that Mevlton in hie time had already con 
Gluded thet the meteorite which carved out the Arigonua Cra» 
tar wage net a single meteoritic bedy, but rather a dense 
neevecate of such bodies. According te Mouitents eatimate, 
the Gilameter ef thie cluster during its fall on the earth 
cenetituted 400-3600 feet, with a tetal mass of from 56,000 
te &,000,060 tone and an impact velocity of from 7 te 1L& 
mikes per second, Meultonu's suppositieonsseen better fitted 
io explain the fermation of ea ¢rater 1,2 kilometers in dia~« 
wates, than the hypethesia cf a solid body falling on earth, 
&Bataalig, af the entire mass had indéed been concentrated - 
au giugie body, then the diameter of the ckater wovld have 
bean Gs meters Cwith a supposed mase GE 1,000,600 tens, ac~ 
cording te 8. Wiley), or 40 times smaller then the size of 
the actual crater, The formation of auch a large crater 
waet have recuigred a detonation of enormous power, and for 
that reagon the inpact velocity could have been no lesa than 
a Hilometera/aecond. Im that case the resistance of the 
«gocky gGil would have @etq\uelled, secording te Hovlton's esati- 
gate, €ge@0 his 1829 account), about S32 % Lo? grans /centimeter 
~u- # value gufficient to have transformed the material of the 
meteorite along with a coneiderable quantitye ef roek in tus | 
impeact ar@e inte the gaseous state, 

it ig not diffieult to solve the problem whether the 
ga@ileieation of reeks in the Gentex of the erater had actu 
ally taken place, or whether the formation of thie crater 
involved largely a displacement and deformation of the vock, 
AY any Fate it is @asier to guppese that setually the Arizgons. 
meteerite bad net been a gingle bedy, and along with this, 
that ite fragmentation inte separate fragments had taken place 
BOUMGWNEFE Out in Cosmic spece, and net near the earth's sur» 
face af a result of terrestrial atmogpheri¢ action. 
| in 4m amalogeous mannor, the huge Tunsus meteorite, 
whog@ energy on impact wan estimated by F, Whipple (26) as 


LO 


having been no less than 2 X¥ 1621 ergs, wan Llikewige frage- 
mented date extremely fine particles, Aucepting the above 
estimate for the value of its kinetic energy, the mage 

of the metecrite at a velocity of 20 kilemetera/setond must 
have been no lees than 1000 tens (a value which ig certainly 
extremeLy conservative), It is nevertheless significant thet 
up to the pregent time no remainga of the meteorite have been 
found, save gome minute iron-nickel particles discovered in 
goill samples taken fron the impact area by L.A, Kulik, staff 
nember of the USSR Academy of Sciences Committee on Meteori~ 
tes under the direction ef AJA, Yarnell’ (37), 

Aerial photographs taken over various countries are 
an aid in iocating new meteoritic eraters, A number of such 
allegedly meteoritic craters have been recently discovered 
in the US ani Canada, 8S, Beale (88) has reported of a newly- 
found crater, suppesediy of meteoritie origin, in Ontaric 
(US) [pie: actually in Canada] (@ = 44°27", A= 76°38"), 

The erater has a diameter of 1,46 wiles and ie filled with 
paleozeic deposits, Ey means of samples of these denotits 
taken by boring in various places down to the original soil 
bed of the crater, the initial form of the crater, very 
gimilar to that of the Barringer Crater (Arizona), was de~ 
termined, Ag@ far as it ig possible to age¢ertain, mo meteor- 
itic material remains in and arcund the crater, nor ig there 
aay indieation of volesanic material. Bata on another possible 
metearitic crater have been reported by M, Innes (29), whe | 
found a reund depresagion 8,5 miles in diameter at Deep Bay, 
Saskatchewan, Camada. In this case, the main basis for a 
conelugion regarding the meteoritic origin of the depression 
consists in the lack of any traces of voleanic activity. 
There seem to be gone gigns, however, of the presence ef 
iren and nickel, 

Beale €236) draws attention te the correlation in the 
prefiles of lunar an@ tervreatrial craters, which consequently, 
in hie opinion, must be of common origin. A detailed study 
of agrial photographs of extensive ereas in Cenada has re~ 
vealed the existence of nine other eraters and erater-Like 
formations, Four of these Beals ascribes te voléanica aett: 
vity, the vest -- te the impact ef huge meteorites, In sddi-~ 
tion to the already famous Chabb erater in Esaetern Canada, 


two other formations found very recently must be mentioned: — 


a ¢rater at coordinates @ = 58°G3' and ph = 64933 itn Labra~ 
der, 160 meterea in diameter, almost circular, and bexring 
great resenblanece to lunar forme; and a L,O@~kilameter crater — 
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By rae eer UL y Of very great depth at ¥ = 46°94" and »% = Fe@ge? 
in Beant, Ageording to paleantelLogiaal data obtained fron 
bit Latter formation, 4ta age must be at leagt 400 miilion 
vgare, 2¢ mast date back to the Cambrian period. 

A. new metooritic erater has likewise been found in 
aitralie €3L)2. Up until that time, there were two known 
paters of meteoritie origin on that continent «~ Henbury 
aut Boxholt Station «- both in northern 4uatralia, The new 
vatoe, digeavored during aerial reconnaisance operations , 

+ toanted in Central Austvalia and ie virtually inaccesgible. 
ie @vater, about 1,8 kilometers in diameter, lies at a d@ie~ 
ance of Lag Kilometers from Mount Dorin northwest af Alice 
avinga. IX wan first visited by Hoesefel, who found nO 
igteorites, Lying direetiy on the ground, There are geverad 
wx itex @eraters in the area of the large one. Ingefar ag- 

ne wupeteble eoil an the region is subject to rapid change, 
‘t nay be euppesed thet the crater had been formed no more 
“Ream Lod YOSEe AGO. a oe 

iz not & gingle one of thes@ asec Wak any trace of 

“eteoritio material found, The main basie for considering 
the oratera to be of neteoritic origin is their rounded form, 
the abaenae of voleanic materials, conformance te the well- 
keown wolatienghips derived by Baldwin between the ciameter, 
deuth and vim height for lunar geaters, which, ageording ia 
nig view, are of meteoritic origin. | 

In thie conneetion, there ig a very intertsting re- 
cent study by D, Alter (32) regarding the nature of the done 
fermations and eraterlete on the Moon, carried out with the 
aid of photegraphic negatives taken at the Mount Wilsen Obe 
Sey at & IY a 3 

Ae far bask as 1909, the famous specialist on the Moon 
m. BPoieenx ($3) in his book “Earth and Moen” peinted ta two 
vonarkebie iasteances teatifying, in hie opinion, to the tec~ 
¢oente formation of eraterlets on the Moon®s gurface, Thess 
examples congiest of two domes found in the southern part of 
the Sen of Tranquillity. Puiseux considered such gormations 
to be unstable, and therefore quite rare, Gn negatives Ghe 
tained by mean of a 60-ineh reflector, Alter found a number 
of such shapes, espeetially in the regien of the Crater of 
Cepernicus, These doses sometimes lie egioang the sane fisgures 
aa the emall eraters, and in some Gases alternate with the 
Latter. it 46 difficult not toe draw the conclusion that many 
af the smell cratere were formed as a reguilt of the sinking 
at ayuch domes, Noting that many cracks and fissures are con~ 


L2 


nected with cratere of veleania origin, the author concludes 
that basically, dunar forma have their eee Ln tectonic 
PHSNOMENA. : ee 
he falling ef eoverad meteors ten has been neted Rae | 
cently, D, Edgar (34) deseribes a meteor shower which ffeil 
4ate in February 1956 in Afyiesa on the territory of Yudutiv, 
The twe Large ob jeate found WEG Ghendri tox weighing SOG6 
and 442 eevaima, and eontaining Blefin and PYLOMENE » 

OAR exceptionally bright belide was obaerved in Seuth 
hag akhatan on 25 December 1057 flying ig & horthwest to south-. 
east divection at f a,, On &@ GChear day, ane apparently fal- 
hing in the nountainous regions et Kirghigta (353, Ax exiediy 
gent out by the Meteorite Commission of the Kagakh SSR. a= 
agemy of Eageneed wMders the ganerai direetion of MG... Karimov, 
having interviewed many (aver 160) eyewitnesses, ex tabliahed 
all gireume tances Connected with the flight, but failed to 
liceate the meteorite, 7 

Another extremely bright bolide, Likewise epsetve a 
by hundreds ef pergéng, Llew over the outekirts we? Alma~Ata 
on 32 Nevember 1897 at about 7 e.aite 3 
- &.1.. Ryng (36) relates the histe: iy of the finding of 
eeecaecdus Bragin meteorite (9 fragments found botween L&21 
and 16652); in greater detail, the game author (37) deseribe: 
the havent find of another winger of the above-nentioned 
metecrite, whieh took Glace in 135 in the Kamarine ikiy rayox 
of Gonel'skhaya oblast’, _ : 

nm ad edition tn thie, a new neteorite om ee the Gressk 
me Was found ih eh in Belerussia:s it weighs about 36¢ 
kilograms, and ¢congista of iron (94.26%) and niekel (8%), 
exhibiting Satacan hands in ete shine and MBEeuREeasy belong= 
ing to the hexahedrites, 

9 Ss Aetapovich (328) has recently completed & study 
Gok the senditions surrounds ne the Staroyve Peg * yanevye and 
ote Posolok me steoritica showers , Move recent pre«-_ 

oapitatione wm Kuna hal and Nikoltgkeye «- we re investigated 
by 1.f, #otkin and Ye.L.Reinov (493, The mest uncertain factor 
in such werk da the apparent velocity, For this FEason it ie sie 
would be wige ta indicate not only the parabolic erbita? mV€ 
mente (a Gouree which is patentiy ingorrest), bwk also . 2 
@lements found with reward to the twe following euppusitions 
about the ma gor axigs: whether the meteorite belonge to the 
agteroidal belt apd the correspondence of ite path te the | 
sige of the earth's orbit, In addition te this, it is NEO 
gary to work cut indirest maetheds of determining the veloc: sy 
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ot wateoritie flight through the atnosphore on the basis 
the ourvature of the apparent bolide trajectory between spe- 
pifse altitudes. In tany cases, a bright bolide will be seen 
yy many observers over a large portion of its trajectory, but 
ihe wvelweity of its netion always remaing uncertain, it would 
wigd be worry. important” to determing age precisely as possible 
LHe apparent ana therefore the actual eiaee of belide heads. 
att wold ag to foxrmuhate an appropriate theery to cover tiease 
ehdeste, According to Ye,L, Krinow and 1.7. Zotkin, in the 
Tie@ of the falling of the Eunaghak meteorite, the boLide 
jound diangter corrected te nuil distence toe the observer, 
“us 280 matere, many times that of wne notuat sige of the 
AOE BEILED | 
Another problem which requires careful study consists 
ie deturmining the getual mass Logt by large meteorites in 
thedr fiight through the atmosphere, In regard to ordinary 
motworktes, no ome doubts that with existing cosmic veloci-~ 
tien, they ibe mags accerding to the expenéntial law in 
muak peoportiona, independently of their initial sige (46), 
in thiag camneastion, it ghould be made 4 regular practice in 
smieutating the etreases set up within meteorites during at~ 
wiephevdia dectlaration, te compare these with determinations 
ok haxdness obtained by laboratory methods, This would be 
ennegially interesting in cases @uch as that of the extremely 
igagile Wikoltekoye meteorite whieh fell near Moscow in 1956, 
The Committee on Meteorites cf the USSR Academy ef | 
Seiences keeps a continual record of meteorits falls and 
bolide chenomena, enlisting for thie purpose the assistance 
of a large corps of correspondents. Thus, for example, 49 _ 
bright bolides wero registered in 1956 and 73 in 1957. This 
Valuable work wil) continues, and esuld very well iead to very 
fateresting results, egpectaily if the major axes ef the cor: 
yoeponding orbits oan be determined with greater accuracy. 
Special mention should be mede of the publication of 
the first volume of a collective work devoted to the Sikhote- 
Atiugkiy meteorite, Tho first volume, which includes a large 
Silustrated atlas of craters , Gontaings the following Papers, 
aneng Others: | 
N,&, Bivari ~~ “On the Apparent Trajectory of the 
Meteorite in the Atmosphere", The author succeeded in finally 
establishing the trajectory curvature; wenithai distance en- 
tyy angle was 47°, and the fall angle was 30°, The linear 
diameter of the bolide reached 6,61 kilemetere, The volume of 
the tail was approximately 30 kilometers®, et 
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Ye.L., Eriney --~ “On the Circutistances Surroundisg the . 


Fall of the Sikhote-Alinekiy Iron Showee", Altorether 3e3 
geparate falle -~ craters and depressions of warious eigen 
~= were noted. It ls intereating te point out that the frag 
nentation ef individual meteorites which fermed the craters 
began with a crater dianeter of 9 metera, & reélatlonahip has 
been established between ¢rater dianeter an depth, ag woelk 
as hetween the aize of the Crater and the total quantity of 


metegritie material found within it. Extending this relation= 


ghip to ali the craters, Yee. Keinov estimated the total 
quantity of iron material falling on thea territory of the 
crater field te have been 706 tong, 

A number of other studies on the Sikhote-Alinekiy. 
meteorite have been conpleted and are boing printed in the 
Meteoxitike (Meteoritica) collections. 

the paper by H.I. Dtyekenova presents the results of 
2% detailed etudy of the chemical composition ef the Sikhete~ 
Alinakiy wetecrite, with the content of sehreibergite and 
other constituents separately determined. It may be cousider- 
ed conclusivaly established that the tren eontent 49 63.20% 


the nickel content «= 5.04%, and the echalt content awe % ¢ 38% 


ete. The epecifie weight fe 7,78, The camansite, trellite, 
schreiberaite, chromite contents, @tGe, were Bape Te ery ce~ 
termined, , 

On the basie of a detailed mineralogica? analysis of 
the game meteserite, and mainiy on the beagle of microsconts 
analysis, L.G, Evasha lists the following percentages: ni- 
ckel-iron (camasite, rabdite, tonite, plessite) Bb o ih, 
achrsibersite ~~ 1.40%, and treilite <«- 4,36%, She also stude@ 
ied the etrueture of the Gcemagite reds and the ganered sotam 
hedywal etructure, 

The paper by V.1, Kolomengkiy and Leds Yudin deals 
with the microseoapic mineralogical gtudy ef the fugion crust 
structure in individual aamples of the GSikhote~Alingkiy me«- 


teorite, and the mateoric and neteoritic dugt connected with 


this bedy, 

Finally, the paper by A.A. Yawnel® and $.8, Fonton 
presenta the reaulte of studies on the machanical properties 
of the Sikhote~Alinskiy meteorite. Intermediate layers in 
the meteorite reduce ita strength by a facter of Lo and con~ 
tribute te ite fragmentation in falling. Upper Limit for 
oe strength is reached at 4,4. kg /mm4 (kilegrana/milii- 
meter®}, 40,6 ke/mm? for compression strength, and 18,6 
ke/mm? for bending strength. 
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Other notable work ineludes the study of the most di- 
verae physical properties of meteorites carried cut by K.N, 
ALabeayervs at the Geology Institute of the Ukrainian SSR 
Academy of Sctenees (41), Of speetal interest is her deter~— 
minstion of weteoritic poxosity, which turned ont to be 
fie b tines the average poroaity of “itra~prinary terrestrial 

i ebons rocks . ig tervestrial ninerale, the amounts of miere- 
Bi WO Re porosity are almost equal, while 4n meteorites, the 
Koti t predominates considerably. Total porosity in netecr= 
itea fluctuates between 6.7 and 18,2%, The author concludes 
Feat meteerites were formed through the agglomeration of 
“eLid particles, | | 

Working for the Meteorite Committee of the USSR Ace: 

heme ot Sciences, M,i, Btyakonova and V, Ya, Kharitonove sei > 

iorned Ghamigai analyses for 44 different components of 7 ) 
gcane meteariter and @ co monents ef S dvron meteorites, _ 

a Bie in Evagha used A.W, Zavarnitskiy'te technique to 
COnstPuok aw Feater diagram of the chamiaal compogition of 
pehonded ten showing the petrograph 112 properties of verloug 
typed of achondrites. and their relation ts the corresponding 
typos GF voskea in the earth's crust. — | 

J, Winchester and A, Aten (42) etudied the lead content 
iu aight i ¥on meteorites, ineéluding samples from the Arizona 
wpater, The lead sentent turned out to vary widely, with an _ 
averare of 6.7%. insofar ag can bo ascertained, the lead, 
as well as the palladium and gold content as found exclusive= 
ly in the dren phase are entirely independant of the ratio 
between the iron and silicate phases. | 

According to H, Onishi and EB, Sandell (43) who stud= 
i@ad Lead distribution in meteorites and torrestrial rooks, - 
there is no significant difference in this respect betweon 
coamie and earth natter, Kor if there any inter dependsace 
between the head and niekel content in meteorites, with only. 
& very weak correlation with the gold and palladium content. — 

in an extensive paper covering 88 iron and 9 stone | 

Reteord tax, Levering (44) and his eoauthora studied the 
galliuu, germanium, cobalt, chromium, and copper distribution 
with relation to niekel content and eeneral structure, It 
wes confirmed that ag régarde gallium and germanium conee- 
teations, all netegrites definitely fall inte one of frur 
distinet PPOUpPS , and that in each of theme grouns the con= 
tout of the indleated elenanta fluctuates within sufticiently 
marrow Limite, : | | 

It is Cntgeeettnes nete that the pallasites are 
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characterized by an almost equal gallium content and almost 


total similarity te the gallium-germaniun. group 2, establish~ 
ed for meteorites in general, Renarkahte correlations were 
also found between the concentrations ef various elenente,— 
Not considering it necessary to List ail papere re~ — 
lating to the determization of the content in meteorites or 
various rare ehements and minerale, I will Horely say thr — 
although most such Papers are daveid of general theore" a Gad 
significance, they nevertheless contain dnportant factual 


material which must be taken inte account in examining the 


problem of the formation of meteoritic saubstanes, im any 

Cage we gee that neteoritics in ite modern phage of develo, 
ment not only bears a perfectly definite rélation te cosme — 
gony, but ie aleo beginning to secure factual data aa te the 
histary of the gellar ayeten Lteeif, 2 | | 
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